Abstract: Heavy metals polluting the natural environment are absorbed by plants. The use of herbs as components of cosmetics may pose a health risk for humans. The aim of the study was to determine the concentrations of Pb, Cd and Hg in selected species of herbs (horsetail Equisetum arvense, nettle Urtica dioica, St. John's wort Hypericum perforatum, wormwood Artemisia absinthium, yarrow Achillea millefolium, cottonwood Solidago virgaurea) self-collected from the natural environment in two different locations, and purchased in stores on the territory of Poland. The concentration of the metals studied was: 4.67-23.8 mg/kg Pb, 0.01-1.51 mg/kg Cd, 0.005-0.028 mg/kg Hg. Different concentrations of metals, depending on species and origin of plants, were found. The mean concentration of all studied metals was the lowest in St. John's wort, and the highest in nettle. In herbs purchased in Polish stores, the concentration of Pb was higher than in plants self-collected in the natural environment.
Introduction
Human activity has greatly affected the biochemical and geological balance of many elements in the natural environment. Heavy metals are substantial environmental pollution because they can remain therein relatively long, are involved in the food chain and are subject to retention [1] . The content of heavy metals in the environment is conditioned by a number of factors, both natural (mineral composition of soil, climate), and anthropogenic (industry, agriculture, transport) [2] . Assessment of the degree of heavy metal pollution is particularly important for agriculture and crops used for other purposes, such as in phytotherapy or cosmetology [2] .
The increasing demand for cosmetics and versatility of their use result in gradual development of the cosmetic industry. Over the last 20 years, global production of cosmetics has increased by an average of 4.5% a year [3, 4] . In response to the increase in popularity of cosmetic products, an increased incidence of adverse reactions has been observed as well. However, users' knowledge of cosmetic prescriptions and health safety of cosmetics used is growing.
Substances that can be found in cosmetic products and may be potentially dangerous include preservatives, fragrances, dyes, and metals [5] . Toxicity of heavy metals to the human body is well documented [6] . Even in low concentrations, some metals can show negative health effects that can damage internal organs and impair their functioning [3, 7] .
It is believed that the pollution with heavy metals that can be found in cosmetic products is unavoidable due to their ubiquity. However, they should be removed where it is technically possible [8] .
It is suggested that cosmetics should not contain elements such as arsenic, cadmium, lead, mercury, The area studied is characterized by a high coefficient of mercury enrichment in the soil. This is due to the large urbanization of the area and heavy pollution from many different industrial plants (steelworks, mines, CHPs-combinated heat and power) [27] .
The selected plant collection locations represented similar natural habitats. In both cases, these were plant communities in the form of meadows or wastelands surrounding small rural villages. In each case, the locations of collection were 100 m away (minimum) from roads and fields to reduce the presence of local pollutants from these sources.
Due to the fact that car traffic is a major source of pollution in cities, regulations governing emissions from this source have been introduced. In Poland, the Directive of the European Parliament was adopted, which in 1987 determined the permitted lead content in petrol at 0.15 to 0.40 g/dm 3 . In Poland, standards for gasoline that reduce lead content similar to Western European standards have been in force since 1992 [28] .
The plant collection process and the preparation of plants were to reproduce the process by which plant materials are harvested for individual use. For this purpose, popular information according to which the plant collection period for phytoterapeutic purposes is summer months (June-September) was used.
The plants studied are perennial species whose vegetation period in Poland falls on the months between May and September. Raw materials were fully grown during the growing season. The average height of plants collected for the research was about 50-60 cm.
From natural areas, herbs (horsetail, St. John's wort, wormwood, yarrow, cottonwood) and nettle leaves were used for the study.
After collection, raw materials were dried in a shady, dry and airy place until dry mass was obtained. At least 10 randomly selected samples of plants were crushed in a porcelain mortar, and after standardization on sieves (1 mm in diameter) an average sample for the research was prepared. Samples of six species of wild plants growing in two distinct locations were taken for the research, n = 9- Figure 1 .
A separate group of plant samples came from herbal products purchased in Polish stores. The herbal products purchased were identical to the self-collected raw materials. According to producers' information, herbal raw materials came from Poland (contracted crops and the purchase of plants from the so-called natural state).
Two separate commercial products of each plant species were purchased for the research from different manufacturers (n = 12). Both self-collected and purchased raw materials were in a dried form. Approximately 20 g of dry vegetable material was used to make an average sample to be representative of the commercial product. The average sample was crushed in a porcelain mortar. The area studied is characterized by a high coefficient of mercury enrichment in the soil. This is due to the large urbanization of the area and heavy pollution from many different industrial plants (steelworks, mines, CHPs-combinated heat and power) [27] .
Two separate commercial products of each plant species were purchased for the research from different manufacturers (n = 12). Both self-collected and purchased raw materials were in a dried form. Approximately 20 g of dry vegetable material was used to make an average sample to be representative of the commercial product. The average sample was crushed in a porcelain mortar. Samples were stored in plastics.
Testing the Concentration of Pb and Cd in Plant Samples
Approximately 0.4 g of raw vegetable material was weighed from each average sample. Samples were subject to wet mineralization (spectrally pure nitric acid, Merck, Germany), (MAGNUM II microwave digester-ERTEC-Poland). The samples were placed in a Teflon vessel one by one and mineralization was added. Mineralization was a two-stage procedure. The first stage lasted 2 min at 20 bar of maximum pressure and 255 • C of maximum temperature, whereas the second stage was 6 min at 45 bar of maximum pressure and 285 • C of maximum temperature. The post-mineralization solution was transferred to a 25 cm 3 flask and then diluted to the ml mark with re-distilled water. The concentration of Cd and Pb was marked using the flameless AAS method (SpectrAA 880Z-VARIAN).
Testing Hg Concentration in Plant Samples
Each average sample was used to weigh 50 mg of plant material for testing. Measurement of Hg concentration was made using atomic absorption spectroscopy with the AMA 254 (Advanced Mercury Analyzer, Altec Ltd., Prague, Czech Republic) analyser. The measurement procedure applied allows for the release of mercury from all chemical forms of this element (organic and inorganic bonds), and transformation of mercury to the atomic form. The final result of the marking indicates the total Hg concentration in the sample being analysed. For each plant sample, 2 to 3 repetitions of markings were made to obtain reproducibility of the results. The limit of detection for this method is 0.01 ng, 0.01 µg/g of mercury in the sample.
Verification of Marking Correctness
The correctness of the methodology used was verified by the reference material-Mixed Polish Herbs, INCT-MPH-2. The marked value obtained as the average of 4 samples for Cd was: 0.21 ± 0.004 µg/g, (certified value of 0.199 ± 0.015 µgCd/g, 95% recovery), for Pb: 2.12 ± 0.004 µg/g, (certified value of 2.16 ± 0.23 µgPb/g, 98% recovery). For Hg, the average concentration for 3 repetitions was 0.01919 ± 0.004 µgHg/g, and the certified value was 0.018 ± 0.002. The recovery value was 107%.
Statistical Analysis
The statistical analysis of results of the markings was made using Statistica (12, StatSoft, Cracow, Poland). The use of non-parametric analyses depended on the distribution of concentrations of the tested elements. Statistical conclusions were based on median values and non-parametric tests were used to assess the importance of differences between groups of results (U Mann-Whitney test for two samples, ANOVA rang Kruskal-Wallis test for multiple samples), significance level of p < 0.05 was assumed to be statistically significant.
Results
The concentration of Pb, Cd and Hg in the examined plant samples is shown in Table 1 . Among the heavy metals analysed, the highest concentration was determined for Pb (4.67-23.8 mg/kg) and for Cd (0.01-1.51 mg/kg), and the lowest for Hg (0.005-0.028 mg/kg). The variability of content determined by the value of the coefficient of variation was the highest for Cd, then for Hg. The lowest degree of variation in the tested plant samples was observed in the concentration of Pb. The level of concentration of heavy metals was determined for 6 species of herbs- Differences in the concentration of Pb, Cd and Hg in samples of herbs originating from purchased products and prepared from wild plants were analysed in the study- Figure 2 .
The average concentration of Pb in plant samples determined for commercial products was statistically significantly higher than in wild plant samples (p = 0.0014, U Mann-Whitney test). The higher concentration of Pb in samples of purchased plants was indicated for all plant species tested. For example, in commercial samples of cottonwood, the concentration of Pb was more than twice as high as in samples of wild plants (respectively: 22.8 mg/kg Pb, 8.65 mg/kg Pb)- Figure 2 . Similarly, in the case of nettle and horsetail the purchased samples had a higher concentration of Cd and Hg than the samples prepared from wild herbs. The situation was different for wormwood and yarrow-the samples prepared from wild herbs had higher average concentrations of Cd and Hg compared to the purchased samples- Figure 2 . There were no statistically significant differences in the concentrations of Cd and Hg between purchased and self-collected plants.
The study analysed the effect of the plant's growing location on the concentration of the studied heavy metals in herbs. Higher concentrations of Pb and Hg were recorded for all plant samples self-collected at Location 2 (Leboszowice). Differently, the concentration of Cd was higher in plant samples from Location 1 (Niedośpielin). Among the studied plant species self-collected, the highest concentration of Cd was in wormwood and yarrow, and the smallest in nettle- Figure 3 . Differences in the concentration of Pb, Cd and Hg in samples of herbs originating from purchased products and prepared from wild plants were analysed in the study- Figure 2 . The average concentration of Pb in plant samples determined for commercial products was statistically significantly higher than in wild plant samples (p = 0.0014, U Mann-Whitney test). The higher concentration of Pb in samples of purchased plants was indicated for all plant species tested. For example, in commercial samples of cottonwood, the concentration of Pb was more than twice as high as in samples of wild plants (respectively: 22.8 mg/kgPb, 8.65 mg/kgPb)- Figure 2 . Similarly, in the case of nettle and horsetail the purchased samples had a higher concentration of Cd and Hg than the samples prepared from wild herbs. The situation was different for wormwood and yarrow-the samples prepared from wild herbs had higher average concentrations of Cd and Hg compared to the purchased samples- Figure 2 . There were no statistically significant differences in the concentrations of Cd and Hg between purchased and self-collected plants.
The study analysed the effect of the plant's growing location on the concentration of the studied heavy metals in herbs. Higher concentrations of Pb and Hg were recorded for all plant samples selfcollected at Location 2 (Leboszowice). Differently, the concentration of Cd was higher in plant samples from Location 1 (Niedośpielin). Among the studied plant species self-collected, the highest concentration of Cd was in wormwood and yarrow, and the smallest in nettle- Figure 3 . 
Discussion
In the light of the World Health Organisation's (WHO) data, the percentage of people using medicinal plants is 70-80% [29] . Herbal raw materials (leaves, herbs, rhizomes, roots, oils) can be sources of undesirable toxic components, including heavy metals. The maximum values for heavy metals in medicinal plants oral intake determined by the WHO are as follows: less than 10 mgPb/kg and 0.3 mgCd/kg [29] .
The concentration of toxic metals in cosmetic plants and plants used in cosmetology was widely discussed [5, 14, 18, 20, [30] [31] [32] [33] [34] [35] [36] [37] [38] . In Brazil, the standard quality control of these products is not always enforced, and their quality, efficacy and safety is unclear. The results show the need for a systematic control of toxic heavy metals in plants used as medicines and cosmetics [36] . The personal care products like soap, body and hair creams can expose users to significant levels of heavy metals [38] . In the study by Adepoju-Bello et al. [5] , arsenic, cadmium, lead, mercury and nickel were determined in various brand of creams, lipsticks and lip-glosses. From the results, the toxic metals were present in low quantities. The continuous use of cosmetic products contaminated with such heavy metals may however cause slow release of these metals into the human body and cause harmful effects to the consumers over time. Extensive use of such products should be avoided [5] . The symptoms associated with mercury poisoning among persons who used a Mexican beauty cream containing mercurous chloride have been reported in humans living in Texas near the Mexico border [18] . Some cases of poisonings owing to the use of skin creams containing mercury have been reported in the past, Hg-containing skin-lightening creams are still commonly used in many developing countries [20] .
In the author's research, the concentrations of Pb, Cd and Hg were assessed in plants with potential cosmetic applications. The analysis of co-occurrence of the studied metals showed a positive correlation between the concentration of Pb and Hg (r = 0.44). For all plants self-collected in the natural environment, the quantitative proportions between Pb and Hg were determined by the statistically significant correlation coefficient (0.63), which may indicate a common source of pollution with these elements. The natural environment in Poland is characterized by a significant degree of pollution, which translates into the concentration of heavy metals in various elements, also in plants [1, [39] [40] [41] [42] . The main source of environmental pollution is industry. It affects the quality of the air, but also water and soil. Depending on what kinds of soils and in which geographical area a particular species of medicinal plant grows, raw materials obtained from such plants will be polluted with different heavy metals [43, 44] . In nettle collected by Tokalioglu [45] , the average concentration of Pb was 1.59 mg/kg, and in St. John's wort 1.17 mg/kg. These values were much lower than those indicated by our research (respectively: 11.8 mg/kg Pb, 6.23 mg/kg Cd). Also in Turkey, the concentration of the tested elements in medicinal plants was lower [46] . In samples of wild plants in Poland, the concentration of heavy metals is higher [47] . Area diversity is also observed. The average concentration of Pb in nettle growing in the studied area (16.5 mg/kg) (Figure 2 ) was higher than in nettle collected in the Beskidy Mountains (Poland) determined by Baranowska et al. [47] , amounting to 7.23 mg/kg and lower than for plants growing near an express way (51 mg/kg). The highest concentration of Pb was recorded in nettle samples from Location 2 (20.2 mg/kg). The region in the area of which there is Location 2 is characterised by a very high degree of industrialization in Poland [48] . The concentration of Hg in soils of this region (Upper Silesia Region) is one of the highest in the country and can reach 5130 µgHg/kg [42] . The concentration of Hg in the tested medicinal plants self-collected in this area was significantly higher in 3 out of 6 tested species (cottonwood, nettle and horsetail). St. John's wort, wormwood, and yarrow had a comparable concentration of Hg regardless of where the plants were harvested. The distance between the plant collection locations was approximately 160 km. However, the concentration of heavy metals determined in the samples indicated heterogeneity of the environment of the studied areas. For example, in nettle growing in Location 1, the level of Pb concentration (13.3 mg/kg) was lower than in Location 2 (20.1 mg/kg). In nettle samples self-collected in this location, lower concentrations of Hg and Cd were observed as well. The average concentration of Cd in the nettle tested (0.24 mg/kg) was the result of concentrations of this metal in nettle from a mountain area (0.27 mg/kg) and from a motorway area (1.42 mg/kg) obtained by Baranowska et al. [47] . Tokalioglu's research [45] showed a higher concentration of Cd in nettle than in St. John's wort. Similarly, nettle samples examined in this research had a higher concentration of Pb than St. John's wort samples. In the case of plants self-collected in Location 2, the average concentration of Pb was almost 3 times higher in nettle samples compared to St. John's wort- Figure 3 .
Unlike the research by Gasser et al. [49] , Chizzola [50] and Baranowska et al. [47] . Individual plant species show differentiated susceptibility as a response to toxic agents, including heavy metals [51] [52] [53] . The content of metals in plants is the result of a variety of factors, including environmental, and the specificity of a given species. Moreover, the plant collection period can affect the concentration of elements.
The results of studies by Sembratowicz et al. [40] show that nettle collected during two growing seasons shows a higher concentration of heavy metals in the summer months (July-August) rather than in the spring months (April-May), depending on the season. This is due to the apparent dilution of metals contained in the plant during its intense growth in the spring period [40] .
In Romania, Badea studied the concentration of metals in medicinal plants [54] . The research concerned the same elements, and the concentration of Pb in St. John's wort was 7.21 mg/kg, Cd was 0.12 mg/kg, and Hg was 0.005 mg/kg [54] . These results were very similar to those in our research (8.1 mg/kg Pb, 0.102 mg/kg Cd, 0.006 mg/kg Hg). Differences in concentrations of metals between the results obtained and Badea's results [54] occurred in case of wormwood. Wormwood collected in Romania had a lower concentration of Pb as compared to own results (5.37-14.42 mg/kg), Cd (0.118-0.434 mg/kg) and Hg (0.005-0.012 mg/kg).
In the research conducted, the concentration of Cd, Pb and Hg in self-collected plant samples and commercial phytotherapy products was compared. The co-occurrence of metals between the commercial herbal products tested did not show any statistical significance. In addition, the concentration of Cd and Pb had a negative correlation coefficient. This indicates that changes in the concentration of heavy metals in herbal products are not subject to significant interactions and may have different origins. Also, the concentration of metals in other commercially available herbs varies [39] . The average concentration of Cd in various commercial formulas was 0.16-0.68 mg/kg [39] , which was in line with the results of our research (the average concentration of Cd in herbal products we tested was 0.28 mg/kg). A lower concentration of Cd in herbal nettle products purchased in Poland was indicated by Fijałek et al. [41] (0.057-0.101 mg/kg Cd). In general, commercial products containing medicinal herbs had lower concentrations of Cd and Hg than samples prepared from self-collected wild plants. This applies especially to the selected plant species-St. John's wort and yarrow. In the case of the concentration of Pb, the results of the research indicated that the samples of herbal material tested had a higher concentration of Pb than the samples of wild plants analysed. The differences between the concentration of Pb in plant samples self-collected independently and purchased in stores were statistically significant (p = 0.004). The statistically significantly higher concentration of Pb in commercial products was indicated for all tested plant species. The greatest differences in the concentration of Pb were found in cottonwood (8.65 mg/kg in naturally growing samples and 22.8 mg/kg in commercial samples). A comparable concentration of Pb was found only for nettle- Figure 2 . The statistically higher concentration of Pb in samples prepared from commercial formulations compared to self-collected plant samples and the lack of statistically significant correlations between the tested metals may suggest contamination with this metal during technological plant processing. Prior to introducing the products onto the market, the plants are subjected to a multi-stage technological process. Further stages of production (storage, cleaning, drying, grinding) can cause contamination of the harvested plant material.
The maximum values for heavy metals in medicinal plants oral intake are as follows: less than 10 mg Pb/kg and 0.3 mgCd/kg [55] . The average concentration in the tested plant samples exceeds the acceptable levels (13.6 mgPb/kg and 0.41 mgCd/kg). However, it should be remembered that the standards have been set for medicinal plants that are mainly consumed orally. Whereas plants used for cosmetic purposes are mainly used externally.
According to Pharmeuropa, in the monograph entitled "Herbal Drugs" [56] acceptable limits are as follows: Pb 5 mg/kg, Cd 0.5 mg/kg and Hg 0.1 mg/kg for oral intake. In this case, the concentration of Cd and Hg in the tested plants is below, and Pb exceeds this value by more than 100%.
According to Canadian regulations, polluting cosmetics with metals should be reduced as much as technically feasible. Comparing data collected with limits of pollutants acceptable in cosmetology in Canada, a permissible value of 10 mg/kg exceeds the concentration of lead, in case of the cadmium of 3 mg/kg and Hg indicated concentrations are 1 mg/kg below these values [57] .
In the United States cosmetics are subject to the Federal Food, Drug and Cosmetics Act-FD&C Act. This law prohibits the use of ingredients that are toxic or have a harmful effect in conditions of use. This is supervised by the Food and Drug Administration (FDA). For mercury the limit is 1 mg/kg, whereas for mercury in eye make-up products it cannot exceed 65 mg/kg, these values are not exceeded in the tested plants [58] .
Conclusions
The species of plants tested (nettle, yarrow, St. John's wort, wormwood, horsetail, cottonwood), with potential uses in cosmetics and cosmetology, have different concentrations of metals depending on the plant species tested and the area of collection.
The highest concentration of Pb was found in nettle, Cd in yarrow, and Hg in horsetail.
The average concentration of all metals studied was the lowest in St. John's wort (8.2 mg/kg), and the highest in nettle (17.4 mg/kg).
A statistically significant higher concentration of Pb was found in samples of herbal products, compared to naturally self-collected plants. Purchased herbal products can be a greater source of exposure (in this case to Pb) than self-collected and prepared ones.
The use of medicinal plants for cosmetic purposes relates mainly to external application. Despite the little importance of this intoxication path, it should be remembered that heavy metals may accumulate in the body and lead to health issues.
